analyse ionospheric TEC data from GPS measurements around the time of 6 April 2009 Mw6.1 L'Aquila (Italy) earthquake. According to the authors, TEC 10 difference (DTEC) calculated from two GPS receivers in central Italy shows a hump-like shape (an increase followed by a decrease) during the hours just before and shortly after the main shock. They maintain that the hump-like shape is anomalous and may be explained as related to the earthquake. We show that the DTEC increase the hours before the shock, as well as its subsequent slow decrease, do not have any characteristic that might support a possible relationship with the earthquake.
away from L'Aquila, respectively. According to Nenovski et al. (2015) , TEC derived from Untr, the closest receiver to the epicentral area, may be indicative of ionospheric disturbances on regional scale possibly related to the 6 April earthquake.
For all the satellites crossing central Italy with an elevation angle EL exceeding a fixed value, they calculate the difference DTEC = TECUntr -TECM0se between TEC values that are simultaneously obtained from the GPS receivers of Untr and M0se.
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In Fig. 2 we show DTEC time series as reported by Nenovski et al. (2015) for EL > 67°. April, DTEC time series shows an increase followed by a decrease (with a maximum at about the earthquake time) that the authors define having the hump-like shape. Conversely, the TEC difference between Untr and Unpg (that they do not report) does not show a similar shape. Nenovski et al. (2015) conclude that the hump-like shape is anomalous and it is due to a positive TEC anomaly over the Untr receiver having maximum amplitude of 0.5 TECu. Still, the positive TEC anomaly is extended up to Unpg but not 30 to M0se. Thus, due to the shortest distance of Untr and Unpg from the epicentral area, they hypothesize that the hump-like Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 16 February 2017 c Author(s) 2017. CC-BY 3.0 License.
shape in DTEC may be explained as related to the earthquake. We would like to point out that the hump-like shape may have an interpretation different from the positive TEC anomaly over Untr and Unpg: a negative TEC anomaly is in M0se (the farthest GPS receiver from the epicentral area) and not in Untr and Unpg data. In this case, could the negative anomaly in M0se data be related to the 6 April earthquake?
In Fig. 3 we show an enlarged view of the hump-like shape in DTEC. We can see that DTEC starts to increase 6-hour 5 before the 6 April main shock reaching 0.5TECu close to the time of the shock. A DTEC maximum having an amplitude of 0.8-0.9 TECu can be seen to occur 10-20 min after the main shock, lasting about 1-hour. Nenovski et al. (2015) suggest that it may be due to a CID signature observed at Untr. After, DTEC recovers to the pre-increase level in 8-hour.
Our first remark concerns the possible CID which amplitude is about 0.3-0.4 TECu (see Fig. 2 ). This value is too high for a CID generated by a moderate Mw6.1 earthquake like that of L'Aquila. Cahyadi and Heki (2015) have shown that for 10 moderate earthquakes the amplitude of the CID should be less than 1 percent of the background TEC. Thus, considering that at the time of L'Aquila earthquake the background VTEC over central Italy is 5 TECu (see Nenovski et al., 2015 Fig. 4 ), the amplitude of a possible CID should be less than 0.05 TECu, much less than what we can see in Fig. 2 . Moreover, the 1-hour duration of the alleged CID seems too long as well. Note that a CID effect lasting from 1 to a few hours is observed only after very large earthquakes, and it usually appears as a resonant atmospheric oscillation of about 4mHz (see Cahyadi   15 and Heki, 2015) and not as a long-lasting positive anomaly as shown in Nenovski et al. (2015) .
Leaving aside the alleged CID effect, we do not see evidence that the hump-like behaviour in DTEC during 5-6 April has any characteristic that may support a possible relationship with the earthquake. Nenovski et al. (2015) report 11 days of DTEC data, from 28 March to 7 April 2009. In Fig. 2 we can see that during this period DTEC shows a daily modulation with similar maxima to what is observed on the earthquake day. The shadowed areas (that we have superimposed onto the 20 original view) highlight DTEC maxima that, similarly to 5-6 April, occur during the same night period. Only two days (31 March and 2 April) do not show a similar maximum. The amplitude of DTEC maxima usually is 0.3 TECu; on April 3, similar to before the earthquake, the maximum amplitude of DTEC reaches 0.5 TECu. The only difference that we note during 5-6 April is a lower dispersion in DTEC data. However, this does not mean that the better-defined increase-decrease shape in DTEC may have a relationship with the earthquake. Regarding the 8-hour slow decrease in DTEC during 6 April 25 (the descending branch of the hump), while it is comparable to what we can see in the previous days, we do not see any evidence of a possible relation with the earthquake. The 8-hour decrease cannot be interpreted as the recovery phase of an alleged CID effect as well. This because, e.g., long lasting CIDs, the duration of which, however, does not exceed 3-4 hours, are observed to be induced just by very powerful earthquakes, e.g., the Mw9 Tohoku-Oki earthquake of 11 March 2011 (Rolland et al., 2011) .
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In summary, Nenovski et al. (2015) fails to note that during the period they investigated, DTEC shows a daily modulation with the occurrence of maxima in the same night period during which on 6 April the earthquake struck L'Aquila Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. According to Nenovski et al. (2015) , a promising generation mechanism for the hump-like shape in DTEC may be electric currents having seismogenic origin. The possible generation of electric currents prior to, or during the earthquake is a very timely topic. Laboratory experiments have shown that electric currents are generated in dry rocks by stress loading (see, e.g., Freund et al., 2006) . In a recent report, Dahlgren et al. (2014) investigate the onset of electric currents in gabbro as 20 function of stress both for dry samples and samples saturated with fluid similar to those observed in active earthquake fault zones. Similarly to previous experiments, stress-related electric currents were observed in dry samples. On the contrary, neither transients nor stress-stimulated currents were observed during several cycles of stress loading. Because the Earth's crust is fluid saturated, Dahlgren et al. (2014) conclude that significant electric currents are not expected to be generated the days before earthquakes during the slow stress accumulation in the region of earthquake nucleation; as a consequence no 25 electric and magnetic signals are expected to be observed on the Earth's surface. However, note that studies of data records from L'Aquila area (see Biagi et al., 2010; Masci, 2012b; Masci and Di Persio, 2012; Masci and De Luca, 2013; Villante et al., 2010) have identified no anomalous magnetic or electric effects during days to hours before and after the 6 April earthquake that might be hypothesized to have seismogenic origin. Still, in a recent report, Masci and Thomas (2016) , by investigating magnetic field measurements from multiple magnetometers and seismic and strong motion records close to the 30 earthquake epicentre, have shown that there is no evidence that might support the generation of an underground electric Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 16 February 2017 c Author(s) 2017. CC-BY 3.0 License. current in correspondence of the 6 April main shock, when the rupture occurred and the vast majority of mechanical energy was released.
Our own TEC analysis
In order to assess the significance of the signals identified by Nenovski et al. (2015) , we have conducted our own independent analysis of GPS TEC measurements in an attempt to replicate their Fig. 10a . We acquired 30-second cadence phase measurements in these files were used to generate time series estimates of TEC using a method developed in the ionospheric research community (Bishop et al., 1994; Mazzella et al., 2007) . This method uses the SCORE (Self Calibration Of pseudo-Range Errors) technique to account for time-delay biases in both satellites and receivers and for signal multipath 10 contamination (Bishop et al., 1996; 1997; Lunt et al., 1999 . The SCORE process produces a set of corrections that account for the sum effect of time-delay biases and multipath effects for each receiver-satellite pair for each day.
Our first attempt to replicate Fig. 10a by Nenovski et al. (2015) is shown in Fig. 4 , which is a plot of the difference DTEC = TECUntr -TECM0se between VTEC at stations Untr and M0se for measurements with elevation angles greater than 67°. The VTEC estimates made use of SCORE-derived biases and multipath for each station-day (ten correction sets per 15 station). A strong diurnal variation in DTEC is very clear in this plot with values ranging from -0.71 to +1.86 TECu. No anomalous changes in this variation are seen prior to or after the time of the earthquake, as well as a CID effect. Hump-like shapes like that reported during 5-6 April by Nenovski et al. (2015) can be seen throughout the investigated period as daily modulation in DTEC time series with maxima in the same night period.
Since our Fig. 4 is quite different from Fig. 10a by Nenovski et al. (2015) , we also take a different approach as shown in 20 Fig. 5 . Using the same data set as used to generate Fig. 4 , we find the difference in the differential carrier phase (DCP) between Untr and M0se DCP = DCPUntr -DCPM0se), also for elevation angles great than 67°. In order to remove the effects of the unknown number of phase cycles between the satellite transmitters and the ground receivers, the DCP at each station is offset to zero at the first point in the time series where the elevation angle exceeded 67° prior to calculating the difference between the stations. Note that these data do not include the SCORE correction factors, nor have then been 25 modified to make them into an equivalent-vertical estimate. The diurnal signal evident in Fig. 4 has disappeared in Fig. 5 . As this variation is not germane to this discussion, we will not speculate on the source. However, as in Fig. 4 , there is no evident anomalous change in the time series prior to or after the earthquake, and no hump-like shape can be seen during the hours around the earthquake time.
In summary, we believe that we have replicated, as closely as we can give uncertainties in how Nenovski et al. (2015) 30 processed and analysed their GPS data, the results they showed in their Fig. 10a . In our analysis of both the (absolute) VTEC Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. and the (relative) slant-path DCP measurements derived from GPS measurements taken at Untr and M0se around the time of the L'Aquila earthquake, we find no evidence for anomalous signals prior to, during, or after the earthquake occurrence.
Conclusion
We do not see evidence that the hump-like shape in DTEC shown by Nenovski et al. (2015) during 5-6 April 2009 may be considered an actual earthquake-related phenomenon. The hypothesis that the DTEC increase during the hours prior to the 5 earthquake, as well as the following slow decrease, may have seismogenic origin is not supported by evidence. The DTEC time series reported by Nenovski et al. (2015) shows a daily modulation with maxima that occur in the same night period suggesting that the hump-like shape during 5-6 April 2009 is not anomalous and its correspondence with the earthquake is just a coincidence. This is supported by our own independent analysis of the same GPS data analysed by Nenovski et al. (2015) . Our DTEC calculation shows that hump-like shapes like that reported by Nenovski et al. (2015) Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017 Discuss., doi:10.5194/nhess- -39, 2017 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
